INTRODUCTION
In 2012, Leo Hickman said about the 2012United Nations Climate Change Conference (COP18): "Export of pollution from rich countries moves Climate Conference‖ (HICKMAN, The Guardian, 2012). The Conference resumed the ideas popularized by the World Bank at the end of the last century about the export of pollution to poor and developing countries (MIRANDA, 2012) .In fact, those ideas of pollution transfer to poor and developing countries resurfaced (WORLD BANK, 1991) .According to such ideas, export of pollution should be an international policy. On the other hand, authorities and planners in the least developed countries tend to see the implantation of industries as a sort of panacea, as capable to promote and accelerate economic development, by creating job opportunities and wealth. This has favored the implantation of pollutant industries in peripheral economies and, as a result, has made the proposed pollution transfer strategy a reality. The World Health Organization (WHO) strictly established the maximum permissible levels of pollution. According to WHO, about 92% of the world's population live in places that do not meet minimum air quality conditions, resulting in thousands of deaths (BBC, 2016).The major concern of WHO is the frequent disruption of those standards as authorities tend to adopt instead local or regional standards. The local or regional standards are established to meet the interests of incentive policies whose economic justifications are questionable.
prematurely -before the age of 70 -from heart and lung diseases, stroke, cancer and diabetes […] . [WHO, 2015] .
Increasing pollution in already polluted areas can undoubtedly bring negative net benefits to the extent that the social cost of the diseases can outweigh the income and employment gains. Planners and authorities need to count on a comprehensive location model including economic, technical and environmental conditions to properly avoid locations that raise pollution above desirable standards.
Despite the seriousness of the issue, few studies attempt to embrace the full set of environmental impacts. Generally, they consider air, water and soil pollution separately. However, one should consider the confluence of those impacts and its harmful results on the population's health and the environment in making socio-environmental decisions.
The main objective of this article is to present an instrument of planning and assessment that makes possible to choose the better industrial location restricted to WHO's standards in respect to the air, water and soil. The need to impose limits to entry of new pollutant units requires that national and international development agencies count on special algorithms. In stablishing those limits one should consider all the relevant attributes, dimensioning their participation in the positive and / or detrimental consequences to the economy, the environment and the human being. National and international development agencies are conscious about the correlation between pollution and diseases, and the cumulative long-term effects. This has been the subject of many research works. In view of this, those agencies have to count on an instrument suitable for appraisal analysis including all sort of benefits and also all sort of costs, not only the increment to employment and Gross National Product (GNP). A number of experiences around the World make clear that when the WHO's standards are largely exceeded due to concentration of pollutant activities the increase in Public Health expenditures are likely to outweigh the increase in GDP.
In addition to this introduction, this article presents8 other sections: 2. Dirty Industry and the Least Developed Countries;3. Cubatão, an Example of Disastrous Industrial Overconcentration; 4. Interrelated Environmental Impacts of Industry; 5. Water and Groundwater Pollution; 6. Air Pollution and Air Quality; 7. Ground Contamination; 8. The Proposed Model; and 9.Final Considerations.
DIRTY INDUSTRY AND THE LEAST DEVELOPED COUNTRIES
Since the mid-1970s the not-in-my-back-yard (NIMBY) syndrome became popular in developed countries. The authorities and the population of developed countries became aware of the undesirability of having energy plants, especially nuclear, and industrial plants nearby them.
At the international level, the NIMBY syndrome was the predominant thinking in the World Bank. Lawrence Summers, the former chief economist of the World Bank (1991-3), based on orthodox economic reasoning, has stated the following about the pollutant industries: ‗Dirty' Industries: Just between you and me, shouldn't the World Bank be encouraging more migration of the dirty industries to the LDCs [Least Developed Countries]? I can think of three reasons:
 The measurements of the costs of health impairing pollution depend on the foregone earnings from increased morbidity and mortality […] a given amount of health impairing pollution should be done in the country with the lowest cost, which will be the country with the lowest wages […] .  The costs of pollution are likely to be non-linear as the initial increments of pollution probably have very low cost […] .  The demand for a clean environmental for aesthetic and health reasons is likely to have very high income elasticity. The concern over an agent that causes […] prostate cancer is obviously going to be much higher in a country where people survive to get prostate cancer […] . Also, much of the concern over industrial atmosphere discharge […] These discharges may have very little direct health impact.
[…] While production is mobile the consumption of pretty air is a non-tradable.
[World Bank - Memo, 1991.] According to this, the World Bank should incentive and finance the migration of pollutant industries to least developed countries. This way, humanity would achieve an overall reduction of costs and, as a consequence, an increase in the worldwide level of wellbeing.
Certainly, the issue is much more complex.
It is well known that overconcentration of pollutant industries causes a wide range of noncommunicable diseases, including Parkinson's and Alzheimer's diseases. The heart and cardiovascular systems are highly vulnerable to numerous environmental agents including air pollution and metals such as arsenic, cadmium, and lead (COSSELMAN et al., 2015) .
To make things worse, in least developed countries environmental authorities do not reach effectiveness in protecting the environment and the public health systems are weak or practically inexistent. Such systems are mostly overcharged and already are not able to take care of the population's health.
CUBATÃO, AN EXAMPLE OF DISASTROUS INDUSTRIAL OVER CONCENTRATION
The city of Cubatão, located in Baixada Santista, on the coast of the state of São Paulo, underwent a rapid and ungoverned process of industrial concentration and became known worldwide due to the consequences on its population. In the 1980s, dozens of anencephalic children were recorded and the city does not present acceptable air quality yet. Air quality in the industrial area is considered very poor and far exceed the limits set by the WHO due to unfavourable conditions to the dispersion of air pollutants, as it is located in a valley.
Figure1. Presents the prevailing winds in Cubatão and their consequences

Figure1. Cubatão prevailing winds and areas affected by air contamination
Source: based on data from CETESB.
In the past, Cubatão has presented 69 micrograms of particulate matter (MP10) per cubic meter, when WHO recommends a maximum of 20 micrograms; and also 31 micrograms to fine particles (MP2.5) per cubic meter when the upper limit is 10 micrograms Cubatão, sometimes referred to as The Death Valley, only received public actions after its situation acquired calamitous dimensions. In the early 1980s, the daily discharge of pollutants released in Cubatão was about 1,300 tons. These particles were deposited in the soil, rivers and mangroves. As a result, high infant mortality rates and neonatal deaths due to anencephaly announced a huge catastrophe. Soon, half of its residents presented respiratory diseases.
The topography of Cubatão is unfavourable to the dispersion of pollutants. Even worse, the predominant wind carries the pollution to Santos, the main city on the coast of São Paulo. Other badly polluted cities as Vapi (India), Norilsk (Russia) and Tianjin (China) present more open topography and the regular winds carry pollution to great distances.
Considered as the most polluted city in the world by the United Nations in the 1980's, Cubatão has gradually been improving over the years. As early as 1990, progressive recovery was set as an example for other communities affected by similar evils. However this requires heavy social investments and financial resources are scarce, which imposes slowness to the execution of needed services. Even in 2015 the air quality in the industrial area was classified as bad and very bad. Particulate matter indexes (MP10) recorded 40 micrograms per cubic meter, and in May of that year recorded 60 micrograms per cubic meter (PEDROSO, 2016).
The drama of Cubatão is far from a happy end. The resilience of the environment has been disregarded and, as a consequence, recovery can take a long time. Sanitary landfills and all sort of industrial wastes are being cause of serious damages to the region's groundwater. Cubatão still presents an abnormal incidence of cancer and deaths, and toxic substances have been found even in breast milk. The aquifers also suffer contamination of the water supply stations by migration of waters located in their proximities. The damages relate to each other and result in a cumulative risk.
In Cubatão, aluminium sulphate is produced by 46 chemical plants. In 2017, part of Cubatão Industrial Complex had to be evacuated as a result of gas leak from a chemical company. Around 70 people were hit immediately on the spot, and acid rain was produced. Materials collected in mangrove swamps nearby Cubatão present high content of heavy metals such as cadmium, copper, lead and mercury.
Cubatão proves that the infrastructure of industrial poles built with public resources, including transport, communication and energy, generates a strong attraction. In a short time, this leads to surpassing permissible limits. Meanwhile,3 the infrastructure for the treatment of waste and pollutants emitted is non-existent from the outset or rapidly presents insufficiency (SOARES,2013).
INTERRELATED ENVIRONMENTAL IMPACTS OF INDUSTRY
The three sets of effects of industrial activity into the environment are related to the quality of water, soil and air. One may analyse these effects through IF-THEN rules, considering the consequences of inhalation, ingestion and exposure to toxic materials. Figure 2 shows an example of matrix of consequences of emission of pollutants. 
Figure2. Pollution and environment relations (an example)
Source: Based on BRIGGS, 2003.
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Most environmental damages caused to water, air, and soil quality are interrelated. Acid rain, caused by air pollution, for example, damages both aquatic and terrestrial ecosystem. Figure 3displays those interrelations.
Figure3. Interrelations between environmental damages
Source: Adapted from NATHANSON and SCHNEIDER, 2016.
The cumulative risk assessment, as stated by CRAWFORD-BROWN and CRAWFORD-BROWN (2012), seeks to provide:
[…] a framework for systematically assessing the relative contributions of risk agents to the overall risk […] . The intent is 1) to better characterize risks of mixtures, 2) to identify populations that may be more sensitive and susceptible to environmental exposures due to preconditions (such as exposure through other routes), and 3) to most effectively allocate resources for protection of public health.
In fact, the implant of a given industrial project may represent a prohibitive increase in emission of pollutants to the air, contamination of aquifers and surface water,surpassing the WHO's standards and causing environmental and health tragedies. In this case, planners and governmental authorities should deny the intended location and indicate other possible locations to the entrepreneur.
Henri Poincaré (1995) stated that -scientists work with analogies and analysts with elements of conviction‖. Knowledge leads to responsible actions. Generally, project analysis and approval is carried out without awareness of its consequences outside and far beyond the immediate economic scope.The lack of technical knowledge of the effects that a new industrial unit will cause to the environment and the health of the population brings certain tranquillity to those responsible as the analyses do not extend to such effects.
The project analyst knows that there is a relationship between scale, technology, and the production function. This allows calculating the scale reductions of the inputs but not the quantities of particles emitted by different quantities of inputs. As a consequence, the effects on water, air and soil are not accordingly anticipated. A derived production function can relate pollutant quantities to input quantities and, a step further, allows to estimate the effects on the environment and the population.
WATER AND GROUNDWATER POLLUTION
Industrial chemical wastes disposed on the surface represent a dangerous source of groundwater contamination. As NATHANSON and SCHNEIDER (2016) state:
Many industrial impoundments of contaminated liquids leaked out of these landfills and lagoons, percolated through the soil, and reached a groundwater aquifer. [...] The recharge area for an aquifer is where precipitation infiltrates the ground to replenish the water flowing through the aquifer. This is an important factor in land-use planning and urban development.
Since 1965 a number of water quality indexes (WQI) has been developed. A variety of situations have led researchers to make relevant modifications and introduce new elements in their composition. A WQI provides a single number that expresses overall water quality at a certain location and time, based on several parameters. Those parameters may originate from consultation to specialized people using the Delphi Method.
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The WQI from National Sanitation Foundation (NSF) was created in 1970 and is based on nine parameters with respective weights (w) that are fixed according to their importance to the overall water quality. These parameters are:
 Temperature change (from 1 mile upstream)
The WQI classification is shown in Table 1 Table1. A fuzzy representation of the WQI classification is shown in Figure 4 .
Figure4. Fuzzy representation of the water quality
Source: authors, 2018.
The Drastic Index, proposed by the Environmental Protection Agency (EPA), is specific for groundwater vulnerability measurement, and ranges from 1 to 5, with 1 being the least vulnerable level. DRASTIC is taken from the initial letters of the seven parameters used:
 Dr, ratings to the depth to water table;
 Rr, ratings for ranges of aquifer recharge;
 Ar, ratings assigned to aquifer media;
 Sr, ratings for the soil media;
 Tr, ratings for topography (slope);
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 Ir = ratings assigned to vadose zone;  Cr = ratings for rates of hydraulic conductivity.
Determination of the DRASTIC Index number is done by multiplying each parameter rating by its weight and adding together.
Where the subscripts r and w refer to ratings and weights, respectively [RAMARAJU and VENI, 2017]. Recent formulations using fuzzy hierarchy combined with the DRASTIC model present greater amplitude because they consider more accurately the qualitative differences between the factors involved.
A meaningful association between groundwater vulnerability and hazard level is shown in Table 2 . The Aquifer Vulnerability Index (AVI) is based on two key parameters:
Table2. Groundwater vulnerability and hazard level
 Thickness of each sedimentary unit above the uppermost aquifer; and  Estimated hydraulic conductivity of each of these layers.
According to Dale Van Stempvoort et al., (1993) , "Using water well records, these parameters are combined to obtain a reasonable estimate of the hydraulic resistance of the protective aquitard cover if present, at each site.
[…] AVI maps can be used to help define groundwater protection zones, or for screening sites for land use selection‖.
AIR POLLUTION AND AIR QUALITY
The air quality index (AQI) is based on five criteria measured on a scale from 0 to 500. When AQI assume values of 101 or lower, air quality is considered unhealthy.
The Environmental Protection Agency (EPA) has assigned a specific color to each AQI category to make it easier to understand whether air pollution is about to reach unhealthy levels, as shown in Table 4 . A fuzzy representation of the Air Quality is shown in Figure 5 .
Figure5. Fuzzy representation of the air quality
Authorities and people tend to be relatively more aware of airpollution. As David Briggs (2003) states: "Emissions to the atmosphere tend to be more closely modelled and measured, and more generally reported, than those other media, partly because of their greater importance for environmental pollution and heath".
In considering an industrial project location, the objective is to identify the areas affected by the dispersion and check for the existing pollution added to the new emissions. Eulerian, Lagrangian and Gaussian models have been tested. These models present considerable deviations from one another. When tested through simulation, the Gaussian model seemed to be the most adequate. As the focus is on the sources of pollutants, the main considerations relate to its polarizing power and, consequently, its emitting power, speed of winds, conservation in the atmosphere, and variations of air temperature. Turbulent flows are highly irregular, almost random and unpredictable details. Thus, turbulence is manifested irregularly, randomly as are fluctuations in velocity, temperature, and scalar concentrations around their principal values.
GROUND CONTAMINATION
The contamination of soil comes mainly from industrial and agricultural residues, improper use; and inadequate agricultural techniques. It causes intoxication and allergies. Large quantities of dangerous wastes are generated by chemical manufacturing, pesticides, metals, textiles, petroleum refineries and other industries.
Heavy metals entail high toxicity in exceeded concentration and often cause irreversible damage to human health. An illustration of the acceptable limits for the presence of metals in soil is shown in Table 5 . The same authors present an environmental quality classification for contaminated soils, which is shown in Table 6 . The Canadian Soil Quality Classification is shown in Table 7 . A fuzzy representation of the Soil Quality is shown in Figure 6 . 
Table5. Environment quality standards for soil (mg/kg)
Table6. Classification of soils contaminated with heavy metals
Table7. Level of concern and ranges for soil quality
Level of concern Ranges
THE PROPOSED MODEL
The optimal distribution of activities in a given territory can be achieved through the confrontation of demand and supply of locational factors, imposing to this confrontation the critical limits recommended by WHO. In Figure 7 is shown an outline of the basic methodology.
Figure7. Structure of the Methodology
Source: Authors
The COPPE/SOMEA/SEMA criteria imply that the planner's main objectives are:
 To optimize the employment of local resources;
 To increase employment rates;
 To avoid foreign direct investments in hazardous industries;
 To diversify the industrial sector for material sharing;
 To intensify symbiosis processes;
 To avoid saturations and boundary breaks.
The COPPE/SOMEA/SEMA methodology, first developed at the Martin Centre, in 1981, was redesigned in 2009 at the Department of Land Economy, Cambridge University, United Kingdom, UK, and was developed to provide planners, analysts and authorities with an instrument that allows managing options and priorities in planning industrial location, such as:
• Controlling of polarization phenomena to avoid saturation (including boundaries defined by WHO) ;
• Maximizing efficiency in the use of resources;
• Balancing industry with other local economic activities;
• Making compatible urban development with environmental equilibrium.
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The first step is to select areas that appear propitious for industrial development and then to determine the interventions that will facilitate and stimulate such development. For this purpose, the planner needs an instrument that allows evaluating local conditions in terms of environmental, economic and technical demands.
The second step is to define relatively homogenous micro areas or districts considering:
• The area of influence of the projects under analysis, the spatial distribution of the population and the wind predominance;
• The spatial distribution of industrial activities and the level of existent pollution;
• Orography analysis;
• Infrastructure analysis;
• Other alternatives of land use.
The selection of industries for a planned industrial area should be conditional based on the common use of infrastructure and also the sharing and reuse of resources.
Factors Of Location, Infraestracture And Exchange Network
The locational factors compose the supply and the demand matrices in which their respective importance is stated.
In Table 8 , the most commonly considered factors of location of industrial projects are shown.  The uses environmentally compatible with soil and aquifers  Proximity of human settlements.
The Mathematical Model
The Space Organization is part of the Environmental Science. The transformation of complex industrial parks in eco-industrial parks is a challenge for engineering and economics of the environment.
The organization of the economic space implies identifying the distance between the requirements of the demand profiles and the level of attendance to those requirements inagiven space domain. The possibility of symbiosis is also measured as the distance between memberships.
Let A be a set of projects whose demand profiles are known and B, a set of spatial units whose potentialities are also known. Pollution is considered as a critical factor, a limiting factor for industrial location.
The distance between elements i of set A and k of set B is defined by the matrix of membership relations, as follows:
Let F = {fi |1, ... , n} a finite set of general location factors denoted generically by f. Let = ( ) × represent the industrial demand of h types of industries for n location factors with environmental 0000restrictions. Then let = (b jk ) n×m hold for the supply of those factors by m locational alternatives, including levels of environmental saturation.
Therefore, ,definedin f, is a fuzzy set of ordered pairs as follows:
Where is a fuzzy representation of the demand matrix A, and ( ) represents the degree of importance of factors that may be: Similarly,
Where is a fuzzy representation of the supply matrix B, and ( ) represents the degree of availability of factors at locational alternatives:
Superior -Good -Regular -Weak
Or environmental condition:
Great -Good -Regular -Poor
Matrix Operations (Basic Model)
Let = ⨂ = × be the matrix of location possibilities for project i in planning area k, such that = shows the best location for project i and = give the best project type for the site k. And let represent the evaluation of location k in light of factor j according to the demand of project i.
Initially, the values of matrices A and B are chosen as linguistic variables, as illustrated in Table 9 .
Table9. Linguistic values for factors' supply and demand
Factors
Sites' supply Projects' demand Table 9 , f 7 represents the pollution increment of a new project, B 1 , B 2 and B 3 would be good location alternatives. Table 10 shows a set of confrontation results of requirement levels (a ij ) with the attendance capacities (b jk ).
Table10. Confrontation of demand and supply levels
a ij ( )b jk A' B' C' D' A 1 0 0 0 B 1 + 1 1 0 0 C 1 + 2 1 + 1 1 0 D 1 + 3 1 + 2 1 + 1 1
Source: Authors
Where n is the number of factors, including pollution indexes as critical factors; A, B, C and D designate levels of demand and A', B', C' and D', levels of supply. The criteria showed in Table 10 was applied by Petrobras in the Biodiesel Plants Location Program, processing about 140 thousand variables.
Another possible set of results for the confrontation of demand levels with supply levels was presented in a lecture series at St. Antony's College, Oxford, in 2005, and is shown in Table 11 . It is possible to replace the criteria presented previously by a diffuse hierarchical scheme that includes different types of pollution, either as a "demand" of each industrial project or as a level of support capacity of each site considered. As before A = (a ij ) h×n denotes comparative results between demand and supply of each factor, as shown in Table 12 . Where: µ Ã (x) = degree of importance of the factor to project i (x) = degree of supply of the factor by the space unit k Clearly, in Table 12 , the restrictions situated below the main diagonal, where the demand overweighs the supply.
Table12. Fuzzy comparison between demand and supply of factors
Specific Factors -Crisp Operations
Let * = × ′ be the industrial demand matrix of m kinds of industries for n' specific location factors. For the present purposes, matrix * includes pollutants emissions, which demand level is always considered critical. Let * = , * ( ) ∈ be a fuzzy representation of the matrix A*.
Let B * = b * ij n′×m be the matrix of the territorial supply of the same n' specific location factors, and let * = , * ( ) ∈ be its fuzzy representation.
Then, one can define matrix * = * ⨂ * = * × , where * is a fuzzy coefficient.
Now, let Г = [Ƴ ik ] mxq = C ⊗ C* be the final coefficient. This operation follows the rules showed in Table 13 .
Table13. Rules for final locational coefficients
γ ik C ik >0 Ø C * ik 0 0 0 ∌ 0 0 >0 C ik + C * ik C * ik
Source: Authors
In applying the rules shown in Table 13 , the planner must impose the WHO's limits in such a way that, in case any limit is reached or surpassed, * must equal zero and the location k is rejected as a possible location for project i.
From the territorial units' point of view, the distances between the pollution -demand‖ by the industry and their ability to respond to it may indicate the need for public authorities' action. In Cubatão, for example, air pollution levels must be reduced to a large extent before any new industrial project that "requires" emissions into the atmosphere can be located there.  δ ik = 1 if area k attends the demand at the required level.  δ ik < 1 means that at least one demanded factor was not provided.  δ ik > 1 if area k supplies more conditions than the demanded ones.
The matrix of systematic confrontation between the project profile (demand for general and specific factors) versus locational resources (supply factors) and pollution levels and indicesareable to indicate the best decision, as shown in Table 14 . 
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To attend WHO's standards δ ik ≥ 1. However, an essential question still remains: how to measure the pollution that will be emitted by a new industrial plant?
Production Functions
According to Rocha et al. (2013) , "Grossman and Krueger adapted the Kuznets work using a crosssection model for 42 countries, correlating air quality with level of economic growth, the authors concluded that the concentration of pollutants increases with GDP per capita". A typical Kuznets Curve is shown in Figure 8 .
Figure8. Kuznets Curve
Source: SELDEN; DAQING (1994) The analysis through production function considers scale and technology. At the project level and in a limited set of locations it is possible to expand the number of considered variables, such as scale factors, technologies, quantities and types of inputs and their technical relationships, accessibility and support activities.
Obviously, the relationship between the increases in GDP and the quality of life found at the national level does not apply at the local level. In particular, the growing constraints of congested space give rise to diseconomies of scale and diminishing returns.
In order to choose the optimal acceptable location for a given project, it is necessary to take into account not only the new emissions, obtainable from its expanded production function, but also the dispersion patterns of the pollutants among the planning areas. For this purpose, knowledge about the expanded production functions of industrial activities is the basis for simulation of pollution increase because it allows it to anticipate the pollutants charge associated with the considered projects.
FINAL CONSIDERATIONS
The environmental disasters observed around the World, as occurred in Cubatão, have two main causes: 1) In practice, decision makers cannot count on adequate information on the consequences of their decisions, or lack of decisions, relative to industrial localization, and 2) In such a situation, authorities feel comfortable and do not demand the information that should be the basis of adequate decisions. The result could not be worse. The overconcentration of highly polluting industrial plants, not meeting minimum environmental standards, has been highlighted by the media. Unfortunately, at the moment of bad news, serious damage has already occurred and high social costs have become inevitable.
The World Bank proposal could be feasible and bring benefits to all parties if the World Bank, rather than simply financing the migration of industries to the least developed countries, acted in a similar way to the International Monetary Fund (IMF). Just as the IMF requires borrowing governments to adopt the measures deemed necessary for financial rebalancing, the World Bank should demand compliance with the standards set by the WHO with regard to preserving the quality of the environment.
This paper proposes a fuzzy model capable of avoiding the localization of any industrial project that implies overweight of WHO standards. The proposed model is designed to prevent environmental degradation and diseases by considering the level of pollution already achieved in a particular planning area, the increase brought about by a given industrial project and the safety limits established by the WHO. The proposed model also produces information about a given industrial project and a particular planning area, indicating if public policies and public actions are needed. In addition, the proposed model allows simulating different scenarios, changing the set of industrial projects, including sectors, scales and technologies; changing the supply profiles of the planning areas; and adopting health and environmental standards that are stricter than those of WHO.
However, it is clear the proper operationalization of the proposed model requires the implementation of a culture of planning, with organized and cumulative provision of the necessary information and with the gradual change of patterns of behavior that are often already ingrained.
In summary, the available scientific knowledge on the Environment and Human Health is enough to avoid disasters, as it happened in Cubatão and in several other cities of the world. However, to achieve this, a planning effort is required, involving adequate data provision, specialized professionals and, above all, political disposition. This paper presents an instrument capable of balancing the negative and positive effects of industrial location in advance and, in this way, avoiding socially disadvantageous decisions.
